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D scription 

BACKGROUND OF THE INVENTION 
1. Field of the Invention. 



[0001] This invention concerns a chemical mechanical po„sh,ng (CMP) composition including a <^^eapab^ 
ol etchina tungsten and at leas, one inhibitor of tungsten etching. The polishing composition ,s useful alone or in 

w manufacturing where one of the layers or films is comprised of tungsten. 

2. Description of the Related Art. 

[0002] integrated circuits are made up of millions of active devices lormed ,n or on a silicon subslrate_Thc . active 
»s Ss which are initially isolated from one another, are united to form functional circuits and components. The devices 
arc nLrconneded through the use of well-known multilevel interconnections. Interconnection structures normally have 
a Z ■ ZlZZl Son an interconnection layer, a second level of metallization, and sometimes a h,rd and sub- 
JZnTi^meSSaiion. Inter.eve, dielectrics such as doped and undoped silicon dioxide (SO 2 , are used to 
e * y S*e the different leve.s of metallization in a silicon substrate or we,.. The electric*, connects between 
20 d Sen. nt 'connection .evels are made through the use of metallized v,as and in particular tungsten ^.^P^enl 
No 4 W 643 which is incorporated herein by reference, describes a method for preparing multiple metallized layers 
and m Jallized Is in insulator films. In a similar manner, metal contacts are used to form e.ectnca connect ons be- 
t^wic^Son levels and devices formed in a well. The metal vias and contacts are generally filled with tungsten 
adhesion layer such as titanium nitride (TiN'i and/or titanium to adhere a metal .ayer such as 

" "pSTTn manufacture process, meta.Hzed vias or contacts are ^^^^ 
deposition followed by a chemical mechanical polish (CMP) step In a typical process, via holes are etched through 
an^nterleve°d^eTectric (I LD) to interconnection lines or to a semiconductor substrate. Next, a thin adhesion layer such 
a tte! rnitnde and or titanium is genera.ly famed over the ILD and is directed into the etched via hole Then^ a 

oo Tun s, L is blanket deposited over the adhesion layer and into the via The depos.t.on «^™ed un« £e*a 
hole ,s filled with tungsten. Finally, the excess tungsten is removed by chem.cal mechanical polishing (CMP) , to .form 
mil v!as Processes for manufacturing and/or CMP of .LD's are disclosed in U.S. Paten. Nos. 4.671 .851 , 4.91 0. 1 55 

mOMMn Mypica. chemical mechanical polishing process, .he subs.rate is placod ,n direct contact with a rotating 
,5 oolisb no pad A carrier applies pressure against the backside of the substrate. During the pol.sh.ng process the pad 
S ta fe are rotatod whL a downward force is retained against .he subs.ra.e back. An abras.ve and c hemica % 
reac fve sol ion. commonly referred to as a "s.urry" is deposited onto the pad during polishing. The slurry ^atesjhe 
noTslq Process by chemically reacting with the film being polished. The polishing process ,s ach.a.ed by the rota- 
CZemen^ pad re.a.ive to .he subs.ra.e as slurry is provided .o .he wafer/pad interface. Polishing ,s con- 
40 tinueri in this manner until the desired film on the insulator is removed 

SSa The 2Z c imposition is an important factor in the CMP step. Depending on the choice of the oxidizing agent 
Tabrasle «nd other useful additives, the polishing slurry can be tailored to provide effective pol.shing of metal laye 
a^ des red poking rates while minimizing surface imperfections, defects, corrosion, and erosion o ox.de ,n areas w* 
' X ^^en v as Fur hermore, the polishing slurry may be used to provtfe controlled polishing selechvi ,es to other thm- 
m materials used in current in.egra.ed circuit technology such as titanium, titanium nitride and the l.ke. 
Typically CMP po,^ 

SSS 352 S^SS or ~ hy^ .ha, is usefu, Removing tungsten a, predictable 

perchloric acid hydrogen peroxide and a solid abrasive material in an aqueous medium. U.S. Patent 5,340 £70 i to 
S^r^elleTdisSkJe a tungs.en polishing s.urry comprising approximately 0.1M potassium <emcyande. ap- 
proximal 5 weight percent si.ica and potassium acetate. Acetic acd is added to buffer .he pH at ^P™'^ 
[0007] Most otthe current* available CMP slurries contain large concentrations of dissolved, ionic metal c ompo. 
nente As a result the polished substrates can become contaminated by the adsorp.ton of charged spec.es into the 
in aye s ihese pec L can migrate and change the elec.rica. properties of the devices at gates and con.ac a d 
change The dietoctnc properties of the S,D 2 tayers. These changes may reduce the re.iab.h.y of he in.egra.ee c.cu.t 
Z Ze TteLore, S is desirable to expose the wa.er only to high purity chemicals with very low concentra.-ons of 
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[0008]^ CMP composes are increasingly being formulated wi.h chemical ingredients that are capable ol etching 
unqs ten in an effort to improve the ra.e a. which tungsten v,as are polished. However. ,„ many cases he ■esulting 
S I compositions etch tungsten in a manner that solubili.es the tungsten instead ol converting he surface to 
a Zi oxidized film w,.h improved .ungs.cn abradeabili.y Due .o these chemical compositions, recess.ng of the lungs en 
s pluq du ,o und "rable tungsten etching occurs. Recessed tungsten v,as. where the surface of the tungster nsbe o, 
ma?o. The surrounding msuLor surface, arc a problem because they can cause elcc.nca, contact P-obto o o - 
pal ol the device. In addition, problems due to tungsten recess may be caused by the fact that .he resulting non- 
planantymaycomplicatethedepositionofmetallayersonsubsequentlevelsofthedev.ee. monnnttlh - re 
poS] Tungsten etchingcan also cause undesirable -kayhoiing- of.ungs.en v,as Keyho ing is a ^^ToZ^ 
,0 by a ho.e ,s etched into the center o. a tungsten via and, thereafter, the hole migrates towards the s.des of .he v,a. 
Kevholinq causes the same contact and filling problems as recessing , , 0 „ ,, nHo 

[0010] A new CMP composition is needed that both polishes tungsten a. h,gh rates and that does no. cause unde- 

sirable tungsten plug recessing. 
is SUMMARY OF THE INVENTION 

[0011] The presen. invention is directed to a chemical mechanical polishing composition that is capable ol polishing 
tunosten at hiqh rates with minimal etching and/or corrosion. 

K aSition. the chem,ca, mechanical polishing composition of this invention is able to polish substances w.th 
?o innn^tpn lasers at controlled rates with good trans-surface uniformity. 

lZ nl^ II also a state-of-the-art chemical mechanical polishing composition that is able to pohsh a 
Ste inc. dig tungsten vias and damascene at ve^ high rates to give a polished substrate that is capable o 
accepting a subseguen? layer of metallization without tilling, or contact problems caused by unacceptable recessing 

2S mT^rthermoce. this invention ,s directed to methods for using the chemical mechanical polishing composition 
oTs .nventon jn a slurry to polish a plurality of metal layers in an integrated circuit including tungsten layers. 
[00,5] Tnle embodiment. "his invention is a chemical mechanical polishing composition compns.ng a compound 
thai is caDable of etchinq tunqsten. and at least one inhibitor ol tungsten etching. 

OoVe] a o«he: embodiment ,h,s invention is a chemical mechanical poishjg ^^'^^^Z 
30 ha. is capable of e.ch.ng tungsten, and at least one inhibitor of tungsten etch,ng 

etching is an amino alkyl compound, a compound that forms alkylammonium ,ons at a solution P H less than about 9.0. 

SlHn aCTLbcdiment. this invention is a chem,ca, mechanical po.ish.ng slurry comprising from about 
Tabout 5 0 weigh, percent silica, from about 0.001 to about 0.2 weigh, percent feme "^^^ ^V^ 
» to about 10.0 we^h, percent hydrogen peroxide a. least one stabilizer, and from about 0.001 to about 2.0 weigh. 

Dercent of at teast one inhibitor of tungsten etching. 

?00 81 In ye. ano.her embodiment, this invention is a chemica. mechanical polishing slurry hav.nj , a pH es than 

LbouM 0 inching from abou, 0.5 to about 1 5.0 weight percent silica, Irom about 0.001 to about 

ferric nitrate from about 1 0 to abou. 10.0 weigh, percent hydrogen peroxide, at leas, one s.abihze, and from abou. 
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me.hod begins by admixing a. leas, one compound .hat is capable of etching tungsten, a. least one inhibitor of tungsten 
e.china and deionized water to give a chemical mechanical polishing composition having a pH less than 5.0, where n 
fheTompoun^ ^ capable o. etching tungsten ,s a nitrogen containing compound. The chem,ca. mechanical ^shng 
clpoTon is then applied to the' substrate., and a pad .s brought .nto contact wi.h .he subs.ra.e .or a period of time 
sufficient to remove a. leas, a portion of the tungsten layer from the substrate 

DESCRIPTION OF THE CU RRENT EMBODIMENT 

f00201 The present invention relates to a chemical mechanical polishing composition that comprises a compound 
Kca^^hSgTungsten and a. leas, one inhibitor of .ungs.en etching. The chemical mec hanica pohsh, g 
S used ,o polish at leas, one tungsten metal fcyer associated wi.h a subs.ra.e selected r«r the g oup 
incTuSXn s!bstra,es TFT-LCD glass substrates. GaAs substrates, and other substrates associated with inte- 
ISSm^J^^ levefsemiconduc.ors. and wafers. In particular, the chemical mechanical potarung 
composS o« ,hL invention exhibi.s excellent polishing performance when used to polish a subs.ra.e ,nc.ud,ng one 
or more layers ol tungsten, ti.an.um. and titanium nitride layers ol a substrate in a single step. 
Joo^l Before describing the details ol the various preferred embodiments of this mvent.on, some of the terms ; that 
Sed here" deled. The -chemical mechan,ca. composition" refers to the combination compns.ng a com- 
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poundL is capHbleflchmg lungs.cn and a. leas! one inhibitor ol tungsten e.ching that may be used in conjunction 
with an abrasive pad to . emove one or more layers ol metal Irani a multiple layer metallization. 
[0022] The term "chemical mechanical polishing slurry" or "CMP slurry", refers to another useful product of tha 
invention that comprises the chemical mechanical composition o. this invenlion and a. least one abrasive^ The CMP 
5 slurry is useful for polishinq a multiple level metallization which may include but is not limited to semiconductor thin- 
H.L integrated circuit Ihin films, and lor polishing any other .ilms. surfaces and substrates where CMP processes are 

rOOMl One aspect ol this invenlion is a chemical mechanical composition comprising a compound that is capable 
ol etching tungsten and a. leas, one inhibitor o. tungsten etching. The chemical mechanical composition o this invenihon 
W is useful when incorporated in a chemical mechanical polishing slurry to polish a metal layer including tungsten. The 
combinations disclosed herein are useful when incorporated into a CMP slurry or when used alone ,„ conjunction with 
an abrasive pad to polish metals and metal based components including tungsten, titanium, t.tan.um n.tnde. copper, 
aluminum, tantalum, tantalum nitride, and various mixtures and combinations thereof. 

F00241 The chemical mechanical composition ol this invention includes at least one compound that is capable ol 

»s Itching tungsten. The term "compound capable of e.ching tungsten" as used herein refers to *<^*^ j*™*** 
tungsten by turning solid tungsten metal or ,.s oxide into a soluble tungsten corros.on produc A compo und that ,s 
capable of etching tungsten may include one or more components that react w.th tungsten metal or its ox de to form 
soluble tungsten corrosion products and/or ,. may refer to a composition that is applied to tungsten a. controlled con- 
ditions, such as high pH, high temperature, high pressure or combinations thereof, .hat promote the conversion ol 

20 tungsten metal or its oxide into soluble tungsten corrosion products. ,, linrido 
[0025] Non-l.mitmg examples of compounds that are capable of e.ching tungsten include oxidizing agar* fluortde 
containing compounds, and organic acids such as oxalic acid and malonic acid. Many oxidizing agents etch ungs.en 
at low rates at low pH. Sometimes, composition pH can enhance the tungsten etching rate ol oxid.z.ng agents 
TO026] The compound capable of etching tungsten of this invention may be a fluoride containing add.t-ve. Fluoride 

2S containing additives useful as tungsten etchan.s may be any known fluoride containing additives in an ^^> ut »^ 
Examples ol use.ul fluoride containing additives include fluor.de salts, fluoride containing acids, fluoride polymers, and 
any otter organic or inorganic fluoride containing additives that react with titanium. Aqueous cornpounds that are 
applied to tungsten at temperatures, and/or pH's that promote tungsten etching also fall w.th.n the definition o. com- 
• pounds that are capable of etching tungsten. When composition application conditions are controlled tocause tungsten 

30 etching, then it is preferred that solution pH is the controlled composition application parameter. 

[0027] The inhibitors of tungsten etching are effective at composition pH's up to about 9.0. It -s preferred tha. the 
compositions of .his invention have a pH of less than about 7.0 and most preferably less than about 5 0^ 
[0028] The compound capable of etching tungsten may be one or more oxidizing agents^The ox,d,z.ng agent used 
s preferably one or more inorganic or organic percompounds. A per-compound as defined by Hawieys ttrxtowrf 

3S Chemical Dictionary * a compound containing a. leas, one peroxy group (-0-0-) or a ^P^,^^^"^ 
in its highest oxidation state. Examples of compounds containing at leas, one peroxy group include but are not limited 
to hydrogen peroxide and its adduc.s such as urea hydrogen peroxide and percarbona.es organic pe -o»des such as 
benzyl peroxide, perace.ic acid, and di-.-bu.yl peroxide, monopersulfa.es (S0 5 =), dipersulfates (S 2 C 8 -). and sod.um 

40 Examples of compounds containing an element in its highest oxidation state include but are not limited to 

Sic acid perioda.e sale, perbromic acid, perbromate salts, perchloric acid, perchloric salts, partem acid, and 
pe o^t! r-.it. and permanganates. Examples of non-oer compounds that meet the e.ec.rochem,ca, 
„ ments include but are no. limited to bromates, chlorates, chromates. ioda.es. iodic acd, and cenum .IV) compounds 
such as ammonium cerium nitrate. . oriH nor 

* [0030] Preferred oxidizing agen.s are hydrogen peroxide and its adduc.s such as urea hydrogen P^^ ^ 
carbonates, organic peroxides such as benzoyl peroxide, perace.ic acid, and d,-.-bu.y. peroxide, ^"ope sulfa es 
(S0 5 =). dipersulfates (S 2 Os-) sodium peroxide, and mixtures thereof. A most preferred compound capable of etching 

^iSS^SZ^ o, etching tungsten may be present in the overall chemica, mechanical polishing 
50 compositSn in an amount ranging from about 0.5 to about 50.0 weigh, percent. It is preferred that one or more ox,d,z,ng 
agTnts present in the pohshing composition in an amount ranging from about 0.5 to about 10 0 we.ght percen 
ra032] Compositions o. .his invention include a. leas, one inhibitor ol tungsten etching. The compound ,nh,b ts the 
conversion of solid tungsten into soluble tungsten compounds while a. the same Ume allowing the <^«"" » 
convert .ungs.en to a soft oxidized film tha. can be evenly removed by abrasion. Classes of compositions that are 
ss useful inhibLs of tungsten e.ching include compounds having ni.rogen containing , ^^.^^" | ™^ 
conlaining he.eroycles, alky, ammonium ions, amino a.kyls. ammo acids. Examples o. ™™» «** 
include nitrogen containing helerocyele functional groups include 2.35-trime.hylpyrazine, 2-ethy.-3,5-d,me.hyl P yra 
zine quinoxaline, acetyl pyrrole, pyridazine, histidine, pyrazine. benzimidazole and mixtures thereof. 
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r00331 J Examples o( HLon inhibitors that include a nitrogen conlainin^fnCional group and al least one lunctionai 
[ °o p sele "ed Ln thiol o, sullide funCona, groups include glu.athione (reduced), cysteine, 2-mercapato benz^da- 
cystine, thiophene. mercapaio pyndine N-oxide, thiamine hydrochlonde. tetrae.hyl th.uram d.sull.de. 2.o-d,me, 
capto-1.3-lhiadiazole and mixtures thereof. . v/ . n flinr tj n nal 

s IM34] The term "alkyl ammonium ion" as used herein refers to m.rogen con.ainmg compounds h<sv,n 9 j^ C, ^ n f ' 
orcups that can produce alky, ammonium ions ,n aqueous so.utions. The level o. alkylammon,um ions « 
^ueou so.u,,on P S ,nc,ud,ng compounds with nitrogen containing funCona, groups is a 

compound or compounds chosen. Examples o. n.trogen containing fundonal group corrosion J^P^ 
Zm cry amounts of alkyl ammonium ion functional groups at aqueous solution pH s less than ^ ^?2 oZo- 
,o ,sie S „sos,eary.e,hylimididonium), ce.y.trime.hyl ammonium hydroxide, alka.erge E 2-hep ad ^^^^ 
L 4-me.hano.). aliqua. 336 (.ncaprylme.hy. ammon,um chloride), nuospe. 101 (4.4 dimethyloxazohdine). le.rabufy 
lammonium hydroxide, dodecylamine. letramethylammonium hydroxide and mixtures thereof. 
ooTsi UseYu, amino alkyl conosion inhibitors include, for example. am,nopropyls,lanol. aminopropylsKoxane do- 
TyLine" 

is qiutamine. qlutamic acid, glycine, cystine, serine and glycine. OtJEST A- 

[0036] A preferred alkyl ammonium ion functional group containing mhib.tor of tungsten etching is SILLIEST A 
1106 silane manufactured by OSI Specialties. Inc. SILQUEST A-1106 is a mixture of approximately 60 wt /„ water 
^^30^ ^rnJpropylsLane. and approx.ma.ely 10 w, % Z»ZT^Z 
and ammopropylsilanol each form an inhibiting amount of corresponding alkylammomum ions at a pH less than abouf 
-n 7 a mr.<ii r.rpfprred amino alkyl corrosion inhibitor is glycine (aminoacetic acid). 

003* Th n ^ilr oHungsten etching shouid be present in the. composition of th 1S invention in amounts ranging 
!rom abou! X ) ioi to about 2.0 weigh, percent and pre.erab.y from about 0.005 to about 1 .0 weigh, percent, and mos, 
Dreferablv from about 0.01 to about 0 10 weight percent. , 
foossT The chemical mechanical composition o. this invention optionally includes a. least one catalyst. The purple 
2S o«rca,Iis«T".rans.er e.ectrons from the metal being oxidized to the oxidizer (or analogously to transfer e , ect o- 
c e^icTcu'entVrom the oxidizer to the metal). The catalyst or catalysts chosen may be metallic, non-me.a. he. c 
combina ion he \Z and the catalyst must be able to shuffle e.ectrons efficiently and rapidly between ,he operand 
meTa I suS rate surface Preferably, the catalyst is an iron catalyst such as. but not limited to, .norganic salts o uoa 
sucha" ^ („ or .„, nitrate, iron (II or III) sulfate, iron („ or III) halides 
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^fmited to acetates, acetylacetonates, Crates, glucona.es, neonates, oxalates, phtha.ates, and succinates, and 



SSr?!e^ialyst may be present in the chemical mechan,cal polishing composition in an amount rang.ng from 
Tut 0 001 to bou 2 0 weigh, percent. I. ,s preferred that the catalyst will bo present in the chemica mecha , nica 
plhinq composition in an amount ranging from about 0.005 to abou, 0.5 weight percent. It is most preferred that the 
Lty . w Z P sen, in the composition in an amount ranging from abou, 0.01 ,o abou, 0.05 we.gh 
0oS] The amoun, of catalyst in the chemica, mechanical composition o, this invention 

uDon he oxidizing agent used When the preferred oxidizing agent hydrogen peroxide is used in combination wUh a 
refe^d caX. such as ferric nitrate, the cata.ys. w.l, preferably be present in the composition ,n an amoun, rang.ng 
irom about 0.005 to about 0.20 weigh, percent (approximately 7 to 280 ppm Fe ,n solution 

0041 1 The concentration ranges of catalyst in the chemical mechanical polishing slurry of this invention are gene any 
Solid a a Z Z Z In, of the entire compound. The use o, high molecular weight metal containing compound 
hTcompie only a small percentage by weigh, of catalyst is well within the scope of catalysts .n this i The 
21 3 when used herein also encompasses compounds wherein the <-f^:^^^ 
by weigh, o\ the metal in ,he composition and wherein the metal catalyst concentration .n the CMP slurry is Irom 

^SSS2U o, ,h,s ,nven,ion includes 

alvst The preferred inhibitors of tungslen etching for this composilion ,s glyene, ammopropyls.lanol, a^^ r ^' s ' 
^xane and P m!x,ures thereof. The preferred inh.biiors do no, adversely effect the iron catalyst they are relatively s,ab,e 
to decomposition from peroxides, and they do no. significantly reduce tungsten polishing ^rates^ 
[0043] Thechemica.mechanica.compositiono.^^^^ 
rM i slufrv The abras ive is typically a metal oxide abrasive. The metal oxide abrasive may be selected Irom the 

rou^^ 

preferably includes from about 0.5 to abou, 15.0 weigh, percen, or more of an abras.ve. It is more preferred . 
IhaHhe CMP slurry o, this invention includes from about 1 .0 to abou. 1 0.0 weigh, percen. abrastve. and mos. preferably 
from about 1 .5 to about 6.0 weigh, percen, abrasive. ; „ , ho art mpiaI oxide 

0044] The metal ox.de abrasive may be produced by any techniques known to those skilled in the a* ^ Me * ox ^ e 
Eves can be produced using process such as sol-gel. hydromerma, or. plasma process, or by processes for man 
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ulaclulng turned oi ^IpilHled melal oxides. Prelerably, the melal oxide is a lumed or precipitated abrasive and. 
more preferably it is a lumed abrasive such as lumed silica or lumed alumina. Fo. example, the production of lumed 
melal oxides is a well-known process which involves the hydrolysis of suitable feedstock vapor (such as aluminum 
chloride lor an alumina abrasive) in a (lame of hydrogen and oxygen. Molten particles of roughly spherical shapes are 
s formed in the combustion process, the diameters of which are varied through process parameters. These molten 
spheres of alumina or similar oxide, typically referred to as primary particles, fuse with one another by undergoing 
collisions at their contact points to form branched, three dimensional chain-like aggregates. The force necessary to 
break aggregates is considerable and often considered irreversible. During cooling and collecting, the aggregates 
undergo further collision that may result in some mechanical entanglement to form agglomerates. Agglomerates are 
to thought to be loosely held together by van der Waals forces and can be reversed, i.e.. de-agglomerated, by proper 
dispersion in a suitable media. 

[0045] Precipitated abrasives may be manufactured by conventional techniques such as by coagulation of the desired 
particles from an aqueous medium under the influence of high salt concentrations, acids or other coagulants. The 
particles are tillered, washed, dried and separated from residues of other reaction products by conventional techniques 

is known to those skilled in the art. 

[00461 A preferred metal oxide will have a surface area, as calculated from the method of-S. Brunauer. P H. Emmet, 
and I Teller J American Chemical Society. Volume 60. Page 309 (1938) and commonly referred to as BET ranging 
from about 5 rrttg to about 430 m2/g and preferably from about 30nr>2/g to about 170 nrvVg. Due to stringent purity 
requirements in the IC industry the preferred metal oxide should be of a high purity. High purity means that the total 

20 impurity conlenl. from sources such as raw material impurities and trace processing contaminants, is typically less 
than 1% and preferably less than 0.01% (i.e.. 100 ppm). 

[00471 In this preferred embodiment, the melal oxide abrasive consists ol metal oxide aggregates having a size 
distribution less than about 1 .0 micron, a mean aggregate diameter less than about 0.4 micron and a force sufficient 
to repel and overcome the van der Waals lorces between abrasive aggregates themselves. Such metal oxide abrasive 

25 has been lound to be effective in minimizing or avoiding scratching, pit marks, divots and other surface imperfections 
during polishing The aggregate sue distribution in the present invention may be determined utilizing known techniques 
such as transmission electron microscopy (TEM). The mean aggregate diameter refers to the average equivalent 
spherical diameter when using TEM image analysis, i.e.. based on the cross-sectional area of the aggregate. By force 
is meant that either the surface potential or the hydration force of the metal oxide particles must be sufficient to repel 

30 and overcome the van der Waals attractive forces between the particles. 

[0048] In another preferred embodiment, the metal oxide abrasive may consist of discrete, individual metal oxide 
particles having a primary particle diameter less than 0.4 micron (400nm) and a surface area ranging from about 10 

m 2 /g to about 250 m 2 /g. ^ , 

[0049] It is preferred that the metal oxide abrasive is silica having a surface area of from about 120m<Vg to about 

35 200m 2 /g. 

[0050] Prelerably, the metal oxide abrasive is incorporated into the aqueous medium of the polishing slurry as a 
concentrated aqueous dispersion of metal oxides, which concentrated aqueous dispersion of metal oxide abrasives 
typically ranges from about 3% to about 45% solids, and preferably between 10% and 20% solids. The aqueous dis- 
persion of- metal oxides may be produced utilizing conventional techniques, such as slowly adding the metal oxide 

■40 abrasive to an appropriate medium, lor example, deionized water, to form a colloidal dispersion. The particles may be 
washed dried and separated from residues of other reaction products by conventional techniques known to those 
skilled in the art The dispersion is typically completed by subjecting it to high shear mixing conditions known to those 
skilled in the art The pH ol the slurry may be adjusted away from the isoelectric point to maximize colloidal stability. 
" [0051] Other well known polishing slurry additives may be incorporated alone or in combination into the chemical 

4S mechanical polishing slurry of this invention. A non-inclusive list is inorganic acids, surfactants, and dispersing agents. 
r0O52] An optional additive which may be useful with this invention is one which stabilizes the inorganic or organic 
per compound in the presence of a metal complex. For example, it is well known that hydrogen peroxide is not stable 
in the presence of many metal ions without the use of stabilizers. For this reason, the CMP composition and slurries 
of this invention may include a stabilizer. Without the stabilizer, the optional catalyst and the inorgan.c .or organic per 

so compound may react in a manner that degrades the per compound rapidty over time. The addition of a stabilizer to 
compositions ol this invention reduces the effectiveness of the catalyst. Therefore the choice of the type and amount 
of stabilizer added to the composition is important and has a significant impact on CMP performance. 
[0053] An additive which may be useful with this invention is one which stabilizes the oxidizer m the presence of the 
melal complex It is well known that hydrogen peroxide is not stable in the presence of many metal ions without the 

ss use of stabilizers. For this reason, the CMP composition and slurries ol this invention may include a stabilizer. Without 
the stabilizer, the catalyst and the oxidizing agent may react in a manner that degrades the oxidizing agent rapidly over 
time The addition ol a stabilizer to compositions of this invention reduces the effectiveness of the catalyst. Therefore 
the choice ol the type and amount of stabilizer added to the composition is important and has a significant impact on 
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CMP performance. ; n v/nnt ion is oiesentlv understood lo create 

[0 054] The addition o. a stabilize, lo the compositions and slu , «. ol this — ^For purpose of this disclo- 
L s.abllizer/calalys. complex that inhibrts ,ho catalyst from reacting wlh ho o agon For p p 

sure the term "product ol the mixture of at least one catalyst tevin ^" n ^^ 9 ^ * or not the combination o. 
refers to an admixture ol both ingredients as used ,n a compos.tion and slurry whether 

ingredients forms a complex in the end product orthophthalic. and EDTA). 

the rate a. which oxidizing agents such as hydrogen peroxide decompose^ 

„, nto in ,n amoun, ranging Irom abou, . equivalent per ^ ^^^rTS» « ^.e.n lh. 

Lion* >«J and mos, preferably Irom aboo, Ho abou, S "^^^^ loml , 0 hi , ve a niob ■ungsien (W) 
CosL exbWIS desirable lo„ polishing ra!es ,o„ards « «Mrc -uta^ jn , he a „ 

rp^rr,:^^^^^ 

from the slurry belore it is used. oHmivoH to mrrn a comDlex prior to combining the complex 

[0061] In another method, the stabilizer and catalyst are admixed to lonr a , compie c p stabilizer and a metal 

a complex prior lo admixing Ihe complex *th ,be ^^" e ^^X^e«*l* <*« «"»»• 
[0062, some ,nhroilo, s ol Ihe inbiilo. o, .ungslen e.ching and 

, he corresponding container are in the form of an t ^ n < ^r^^^^ mm comprises an inhibitor 
sition and CMP slurry of this invention are within the knowledge ol one ol ordinary skill ,n the art. 
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EXAMPLES 

[0064] We have discovered thai a composition including a compound capable of etching tungsten and an inhibitor 
of tungsten etching is capable of polishing a multiple metal layer comprising tungsten and t.tanium at h.gh controlled 
rates while exhibiting an acceptable low polishing rate towards the dielectric layer. 

[0065] The following examples illustrate preferred embodiments of this mvenlion as well as preferred methods for 
using compositions of this invention. 
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EXAMPLE 1 

[0066] A chemical mechanical polishing slurry was prepared in order to evaluate the ability ofthe result.ng slurries 
to etch tungsten A standard CMP slurry was prepared consisting of an aqueous solution of 5.3 wt % silica. 53 ppm 
iron in the form of ferric nitrate. 3.75 wt % H 2 0 2 . and 0.05 wt % malonic acid. The silica was predispersed before 
combininq it with the other slurry ingredients as described in Example 3. 

[00671 Small uniform pieces of a tungsten wafer were immersed in the CMP slurry for 30 minutes, recovered, dried, 
and the thickness measured by resistivity. The rate of tungsten etching was then calculated in units of A/m.n. The 
standard slurry exhibited a tungsten etching rate of 41 A/mm. 

[0068] 0 04 wt % of compounds viewed as potential inhibitors of tungsten etching were added to the standard slurry 
after which the ability of the CMP slurry to etch tungsten was evaluated. The results of the etching tests are reported 
in Table 1. below. 



Table 1 
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Tungsten Etching Evaluation 




Slurry 


Additive 


Rate A/min 


1 


None 


A 1 








2 


2.3 ; 5-tiimethylpyrazme 


oc 
oo 


3 


2-ethyl-3.5-dimethylpyazine 


oo 


4 


Quinoxaline 


31 


5 


2-acetyl pyrrole 


36 


6 


Pryridazine 


31 


7 


Histidine 


6 


8 


Pyrazole 


48 


9 


5-nitroindazole 


37 


10 


3.5-dimethylpyrazole 


38 


11 


Pyrazine 


31 


12 


Benzimidazole 


36 


13 


Benzotriazole 


40 


14 


Pyridine 


45 








15 


monoquat isies (isostearylethylimididonium) 


1 


16 


cetyltrimethyl ammonium hydroxide 


3 


17 


Alkaterge e (2-heptadecenyl-4-ethyl-2 oxazoline 4-methanol) 


g 


18 


aliquat 336 (tricaprylmethyl ammonium chloride) 


22 


19 


nuosept 101 (4,4 dimethyloxazolidine) 


37 


20 


Tetrabutylammonium hydroxide 


40 
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Tungst n Etching Evaluation 




Slurry 


ArJHitive 


Rate A/min 


21 


Tat rarnnthvij^mmoniurn hvdrox QG 


40 








22 


rilntathinnp (reduced^ 


3 


23 


Cv^l^ine 


6 


24 


O r-n^rrar\ln hr*n 7 im ld?3 7 Ol G 


35 


25 


V_> y out • 


5 


26 


Thiophene 


40 


27 


mercapto pyridine n-oxide 


39 


28 


thiamine hydrochloride 


11 


29 


tetraethyl thiuram disulfide 


39 


30 


2.5-dimercapto-1 ,3-thiadiazole 


47 
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EXAMPLE 2 

[0069] Chemica. mechanical polishing slurries including various inhibitors of tungsten ^^^^ 

below. 

Table 2 
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Sample 


Formulation 


Etch Rate (A/min) 


31 


None 


45 


32 


0.05% phenylalanine 


29 


33 


0.05% lysine 


8 


34 


0.05% tyrosine 


26 


35 


0.05% glutamine 


11 


36 


0.05% glutamic Acid 


16 


37 


0.05% glycine 


14 


38 


0.015% cystine 


8 



[0070] A second base chemica. mechanical polishing slurry was prepared. The *W™««<* |™ * ^ 
silica The si.ica was pred.spersed before combining it with the other slurry W c ents as d* ^^^^ 

and amount se, forth in Table 3, be.ow. The slurry etch rate was determined as described above. 
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Sample 


Formulation 


Etch Rate (A/min) 


39 


None 


46 


40 


0 04% cysteine 


7 


41 


0 05% cystine 


5 


42 


0 05% serine 


21 


43 


0.05% 3.3-dithiopropionic acid 


40 


44 


0.06% 2.5-diphenyl-1 ,6 ; 6a-trithiapentane 


36 



35 



[0071] These results show thai slurries containing compounds including thiols or disulfides in combination with a 
nitrogen containing functional group are effective at reducing tungsten etching. 

EXAMPLE 3 

[00721 A polishing slurry was prepared in order to evaluate its performance on tungsten water CMP. Performance 
parameters measured included tungsten polishing rates. A standard abrasive slurry including 5.0 weight percent fumed 
silica was prepared. The slurry was prepared by predispersing silica having a surface area of 150m2/g under high 
shear to make a concentrated dispersion. The dispersion was then filtered sequentially with a 5 micron bag filter 
followed by a 1 micron bag filter followed by a 1 micron cartridge filter, and finally wilh a 0.2 micron cartridge filter 
before diluting the silica further and adding the remaining ingredients. The remaining slurry ingredients included 0.036 
wt % iron catalyst in the form of ferric nitrate nonahydrate, 6.0 weight percent of hydrogen peroxide, 0 05 weight percent 
malonic acid and deion.zed water with 0.05 wt % pyridazine added as a tungsten corrosion inhibitor. The pH of the 
final slurry was adjusted to 2 3 with nitric acid. 

[0073] The CMP slurry was applied to chemically-mechanically polish a tungsten patterned wafer hav.ng thickness 
of approximately 8000 A of tungsten using a SUHA500/SUBAIV pad stack manufactured by Rodel, Inc. The polishing 
was performed using a I PEC 472 tool at a down lorce of 5 psi, a slurry flow rale of 150 ml/mm. a table speed ol 60 
rpm. and a spindle speed ol 65 rpm. 

[0074] Without the pyridazine tungsten corrosion inhibitor, the CMP slurry exhibited tungsten plug recessing of about 
350 A on a 0 5 micrometer plug. The addition of 0.05 wt % pyridazine tungsten corrosion inhibitor decreased tungsten 
plug recessing to about 230 A without any loss in other polishing performance characteristics such as rale, uniformity 
and erosion. 
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EXAMPLE 4 

[0075] A base slurry was prepared for this example. The base slurry included 5 wt % fumed silica. 50 ppm iron in 
the form of ferric nitrate, 2.0 w. % hydrogen peroxide, 0.05 wt % malonic acid. 0.001 Wt % Ka.hon in water The silica 
was predispersed before combining it with the other slurry ingredients as described in Example 3. After addition ol 
additives identified in Table 4. the pH was adjusted, as necessary, to the indicated pH using nitric acid or potass.um 
hydroxide. The etch rates of each slurry were determined following (he method described in Example 2 

Table 4 



Slurry 


Additive 


PH 


W Rate Ang/min 










45 


None 


2.3 


29 


46 


0.02% oxalic acid 


2.3 


93 


47 


0.02% oxalic acid + 0.05% glycine 


2.3 


45 


48 


0.05% dodecylamine 


2 3 


0 


49 


0.03% Silquest A-1106 


2.3 


1 
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Qlui i y 


Additive 


pH 


W Rate Ang/min 


50 


None 


5.0 


64 


sJ 1 


0.05% glycine 


5.0 


47 










52 


None 


7.0 


124 


53 


0.05% glycine 


7.0 


101 


54 


0.03% Silquest A-1106 


7.0 


85 



20 



[0076] The results from Table 4 show that .he tungsten etch rale increase upon addition o> an organ c ^ o a c 
add to slurry 46 However, upon the addition of glycine, a compound including a nitrogen functional group to an oxa I c 
a d 2g slurry, the tungsten corrosion rate dropped. The addition of compounds including one or more am o 
^ I uSol^gioup such as dodecylamine. glycine and A-1 106 also s,gn,f,can.,y -educed the '-gs^cono ton a 
in comparison to slurries that do no. contain an ammo alky, functional group Fmal.y, the results in Tab e 4 show « ha 
Ihe compounds including .he nitrogen containing functional groups are abie to inhibit tungsten etching to pHs a. leas, 
as high as 7.0. 
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Claims 

1 . A chemical mechanical polishing composition comprising: 

a compound that is capable of etching tungsten: and 
at least one inhibitor of tungsten etching. 

2. The chemica. mechanical polishing composition of claim 1 , wherein the inhibitor of .ungs.en etching is a compound 

30 that includes a nitrogen containing functional group. 

3. The chemica. mechanical polishing composition of claim 1 . wherein the inhib.tor of tungste ,n etch.g >s a compound 
including a. least one functional group selected from nitrogen containing heterocycles. sulfides, thiols, alkyl am 
monium ions or mixtures of functional groups in one compound. 

as 

4 The chemical mechanical polishing composition of claim 2. wherein the compound that includes a nitroger , con- 
Sn,ng funeral group ,s a nitrogen containing he.erocycle. a compound that forms alkv.ammomum ions, ammo 
alkyls, amino acids and mixtures thereof. 

40 5 The chemical mechanical polishing composition of claim 2. wherein (he compound that includes a nitrogen i corv 
Sing'uncLal groups is selected'.rom the group 2.3.5-trime.hy,pyrazine, 2-e,hyl-3,5-dime,h y . P yra Z1 ne. qu.noxa- 
line. acetyl pyrrole, pyridazine. histidine. pyrazine, benzimidazole and mixtures thereof. 

6. The chemical mechanical polishing composition of claim 1. wherein the inhibitor of tungsten etc :hin j is seated 
from glutathione (reduced), cysteine, 2-mercapato benzimidazole. cystine, thiophene. mercapa to pynd ne Nox.de. 
thymine hydrochloride, .etrae.hyl thiuram disulfide. 2.5-dimercapto-1 ,3-.hiad.azole and mixtures thereof. 



7 The chemical mechanical polishing composition of claim 1 . wherein the inhibitor of tungsten etching is a compound 
LcLdt an L ky , ammonium ion .undone, group se.ected from Monoa.ua, '^^^^'S £ 

50 ty.trimcthyl ammonium hydroxide, Alkaterge E (2.hept a deccnyl-4-ethy..2 oxazol.nc ™ ^ 

capry.mo.hyl ammonium chloride). Nuospe. 101 (4,4 dime.hy.oxazolidine), te.rabutylammon.um hydrox.de. do 
decylamine. tetramethylammonium hydroxide and mixtures thereof. 

8 The chemica. mechanical polishing composition of Cairn 2. wherein the compound thai includes a nitrogen con- 
55 ' taining functional group is a compound that forms alkylammonium ions at a pH less than about 9. 

9. The chemica. mechanic*, po.ishing composi.ion of Cairn 1 wherein .he inhibitor of .ungs.en is se.ec.ed from nat- 
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uJly occurring l9o acids, synlhelic amino acids, and mixlures ihereof. 
10. The chemical mechanical polishing composition of claim 1 wherein the inhibitor ol tungsten etch.ng is glycine 
s 11. An aqueous solution of (he chemical mechanical polishing composition o( claims MO. 

1 2 The chemical mechanical polishing composition of claim 1 , wherein the inhibitor of .ungslen etching is at leas! one 
compound that forms alkylammonium ions in an aqueous solution having a pH less than about 5.0. 

w 13. The chemical mechanical polishing composition of claim 1 including aminopropylsilanol aminopropylsiloxane. 

and mixtures Ihereof 

14. The chemical mechanical polishing composition of claim 1 wherein the component capable of etching lungsten 
has a pH capable of etching tungsten. 

15. The chemical mechanical polishing composition of claim 14, wherein the pH of the compound capable of etching 
tungslen is greater than about 4.0. 

16. The chemical mechanical polishing composition ol claims M5, wherein the compound capable of etching lungsten 
20 is al least one oxidizing agent. 

17. The chemical mechanical polishing composition of claim 16, wherein the oxidizing agent is at least one per^om- 

pound. 

25 18. The chemical mechanical polishing composition of claim 17, wherein the per-compound is hydrogen peroxide. 

19. The chemical mechanical polishing composition of claim 18. including from about 0 1 to about 50 weight percent 

hydrogen peroxide. 

30 20. The chemical mechanical polishing composition of claim 19, including from about 0 5 to about 10 weight percent 

hydrogen peroxide. 

21 . The chemical mechanical polishing composition of claims 1 -20. wherein the compound capable of etching tungsten 
is at least one fluoride containing compound. 

22. The chemical mechanical polishing composition of cla.ms 1 -21 , further comprising at least one metal catalyst. 

23. The chemical mechanical polishing composition of claim 22, wherein the meta. catalyst is an iron ^ sl *^ 
from the group consisting of inorganic iron compounds and organic iron compounds having multiple ox.dat,on 

40 states. 

24. The chemical mechanical polishing composition of claim 23, wherein the iron catalyst is ferric nitrate. 

25. The chemical mechanical polishing composition of claim 24, including from about 0.001 to about 2.0 weigh, percent 

45 ferric nitrate catalyst. 

26 The chemical mechanical polishing composition of claim 1 , wherein the compound capable of etching , tungsten is 
hydrogen peroxide and wherein the composition further includes from about 0.001 to about 0.2 weigh, percent ol 

an iron catalyst. 

27. A chemical mechanical polishing slurry including the chemical mechanical composition of claims 1 -26 and al leasl 

one metal oxide abrasive. 

28. The chemical mechanical polishing slurry of claim 27. wherein the metal oxide abrasive is selected from the group 
55 including alumina, ceria, germania, silica, tilania, zirconia, and mixtures thereof. 

29. The chemical mechanical polishing slurry of claims 27-28. wherein the metal oxide abrasive is an aqueous d,s- 
persion of a metal oxide. 
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30. Thl chemica, mecllca. polishing slurry ol claims 27-29. wherein the meta, oxide ^^^^^ 
aggregates having a size disLibution less than about 1 0 micro.! and a -near, aggregate diamete, k.ss than about 

0.4 micron. 

5 31 Tho chemical mechanical polishing slurry of claims 27-29, wherein the metal oxide abrasive consists ol discrete^ 
^Lcta. ox,do spheres having a primary par„c.e d i H me.er.essthanO 400 m,cron and a surface area ranging 
from about 10 m 2 /g to about 250 m 2 /g. 

32. The chemica. mechanical polishing slurry ol claims 27-31. wherein .he metal oxide abrasive has a sur.aee area 
10 ranging (rom about 5 m £ /g to about 430 m2/g 

33. The chemica. mechanical polishing slurry o. claim 32. wherein the metal oxide abrasive has a surface area offrom 
about 30 m 2 /g to about 170 m 2 /g. 

.5 34. The chemica. mechancal polishing slurry of claims 27-33. wherein the metal oxide abrasive is a precipitated abra- 
sive or a fumed abrasive. 

35. The chemical mechanical polishing slurry ol claims 27-34. wherein the metal oxide abrasive is silica. 
20 36. The chemical mechanical polishing slurry of claim 35. wherein (he silica is (umed silica 

37. The chemical mechanical polishing composition of claims 1 -26, further including a. least one stabilizer. 

38. The chemical mechanical polishing slurry of claims 27-36. further including al leasl one stabilizer. 

" 39 The chemical mechanical polishing composition of claim 37 or the chemical mechanical polishing slurry ol claim 
L including aueas, one stabilizer selected from phosphoric acid, phthalic acid, citric acid, adipic acid, oxahc acid, 
malonic acid, benzonitrile and mixtures thereof. 

ao 40 The chemical mechanical polishing composition or chemical mechanical polishing slurry of claim 39 wherein the 
stabilizer is from about 1 equivalents per catalyst to about 15 equivalents per catalyst of malonic ac.d. 

41 . A chemical mechanical polishing slurry comprising: 

35 from about 1 .0 to about 1 5.0 weight percent silica: 

from about 0.001 to about 22 weight percent ferric nitrate: 

from about 1.0 to about 10.0 weight percent of at least one stabilizer, and 

from about 0.001 to about 1.0 weight percent of at least one inhibitor of tungsten etching 

40 42. A chemical mechanical polishing slurry comprising: 

from about 1 .0 to about 1 5.0 weight percent silica: 

from about 0.001 to about 0.2 weight percent ferric nitrate: 

from about 1 0 to about 10.0 weight percent hydrogen peroxide, at least one stabilizer: and 
from about 0.001 to about 1 .0 weight percent of at least one inhibitor of tungsten etching. 



45 



43. The chemica. mechanica. polishing slurry of claims 41 or 42. wherein the inhibitor of tungsten etching is pyridazine. 

44. The chemical mechanical polishing slurry o. claims 41-43, wherein the stabilizer is from about 1.0 to about 15 

so equivalents per catalyst of malonic acid. 

45. A chemical mechanical polishing slurry comprising: 

from about 0.5 to about 15.0 weight percent silica. 
55 from about 0.001 to about 0.2 weight percent ferric nitrate catalyst: 

from about 0 5 to about 1 0.0 weight percent hydrogen peroxide: at least one stabilizer: and 
2 about 0.001 to about 1 .0 weight percent ol an mh.b.tor to tungsten etching ^J^^^^ 
propylsilanol, aminopropy.siloxane, and mixtures thereof, wherein the slurry has a pH less than about 9. 
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46. The- chemical meWiical polishing slurry of claim 45. wherein Ihe inhibitor of lungslen clching is glycine. 

47. Tho chemical mechanical polishing slurry of claims 45 or 46. wherein Ihe inhibitor of tungsten etching is the mixture 
of glycine., aminopropylsilanol. and aminopropylsiloxane. 

48. The chemical mechanical polishing slurry of claims 45-47, wherein the stabilizer is from about 1 to about 5 equiv- 
alents per catalyst of malonic acid. 

49. A method for polishing a substrate including at least one tungsten layer comprising the steps of: 

(a) admixing at least one compound that is capable of etching tungsten, at least one inhibitor of tungsten 
etching and deionized water to give a chemical mechanical polishing composition: 

(b) applying the chemical mechanical polishing composition to the substrate: and 

(c) removing at least a portion of the tungsten layer from the substrate by bringing a pad into contact with the 
is substrate and moving the pad in relation to the substrate. 

50. A method for polishing a substrate including at least one tungsten layer comprising the steps of: 

(a) admixing at least one compound that is capable of etching tungsten : at least one inhibitor of tungsten 
20 etching and deionized water to give a chemical mechanical polishing composition: having a pH less than 9.0. 

wherein the inhibitor of tungsten etching is an amino alkyl. a compound that forms alkylammonium ions at a 
solution pH less than about 9 0 and mixtures thereof: 

(b) applying the chemical mechanical polishing composition to the substrate: and 

(c) removing at least a portion of the tungsten layer from the substrate by bringing a pad into contact with the 
25 substrate and moving the pad in relation to the substrate. 

51 . The method of claims 49 or 50. wherein the substrate further includes a titanium and/or titanium nitride metal layer 
wherein at least a portion of the titanium nitride layer is removed in step (c). 

30 52. The method of claims 49-51 . wherein the compound capable of etching tungsten is hydrogen peroxide. 

53. The method of claims 49-52. wherein the chemical mechanical composition includes a catalyst selected from the 
group inorganic iron compounds and organic iron compounds. 

35 54. The method of claim 53 wherein the catalyst is from about 0.001 to about 2.0 weight percent ferric nitrate. 

55. The method of claims 49-54, wherein the chemical mechanical composition further comprises at least one metal 
oxide abrasive to give a chemical mechanical polishing slurry. 

40 56. The method of claim 55. wherein the metal oxide abrasive is selected from the group including alumina, ceria. 
germania. silica, titania : zirconia. and mixtures thereof. 

57. The method of claims 55 or 56, wherein the metal oxide abrasive is an aqueous dispersion of a metal oxide. 

45 58. The method of claims 55-57. wherein the metal oxide abrasive is selected from the group consisting of precipitated 
alumina, fumed alumina, precipitated silica, fumed silica, and mixtures thereof. 

59. The method of claims 55-58. wherein the metal oxide abrasive is from about 0.5 to about 1 5.0 weight percent silica. 

so 60. The method of claims 49-59. wherein the inhibitor of tungsten is selected from the group naturally occurring amino 
acids, synthetic amino acids, and mixtures thereof. 

61. The method of claims 49-60. wherein the inhibitor of tungsten etching is glycine. 

55 62. The method of claims 49-60, wherein the inhibitor of tungsten etching is at least one compound that forms alky- 
lammonium ions in an aqueous solution having a pH less than about 5.0. 

63. The method of claim 49-62, wherein the inhibitor is selected from glycine, aminopropylsilanol, aminopropylsiloxane. 
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64. A method for polishing a substrate including at least one tungsten layer comprising: 

(a) admixing from about 0.5 to about 1 5.0 weight percent silica, from about 0.001 to about 0.2 weight percent 
ferric nitrate catalyst, from about 0.5 to about 10.0 weight percent hydrogen peroxide, at least one stabilizer: 
and from about 0.001 to about 1 .0 weight percent glycine, and deionized water to give a mechanical chemical 
polishing slurry having a pH of from about 2.0 to about 5.0: 

(b) applying the chemical mechanical polishing slurry to the substrate, and 

(c) removing at least a portion of the tungsten layer by bringing a pad into contact with the substrate and 
moving the pad in relation to the substrate. 

65. The method of claim 64 ; wherein the chemical mechanical polishing slurry includes aminopropylsilanol. aminopro- 
pylsiloxane and mixtures thereof. 

66. A method for polishing a substrate including at least one tungsten layer comprising: 

(a) admixing from about 0.5 to about 1 5.0 weight percent silica, from about 0.001 to about 0.2 weight percent 
ferric nitrate catalyst, from about 1 .0 to about 1 0.0 weight percent hydrogen peroxide, from about 1 equivalent 

20 to about 1 5 equivalents per catalyst of malonic acid, from about 0.0 1 to about 0 .5 weight of at least one inhibitor 

of tungsten etching, and deionized water to give a mechanical chemical polishing slurry: 

(b) applying the chemical mechanical polishing slurry to the substrate, and 

(c) removing at least a portion of the tungsten layer by bringing a pad into contact with the substrate and 
moving the pad in relation to the substrate. 

25 
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